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(57) ABSTRACT

A semiconductor device is made by forming an oxide layer
over a substrate and forming a first conductive layer over the
oxide layer. The first conductive layer is connected to ground.
A second conductive layer is formed over the first conductive
layer as a plurality of segments. A third conductive layer is
formed over the second conductive layer as a plurality of
segments. If the conductive layers are electrically isolated,
then a conductive via is formed through these layers. A first
segment of the third conductive layer operates as a first pas-
sive circuit element. A second segment operates as a second
passive circuit element. A third segment is connected to
ground and operates as a shield disposed between the first and
second segments. The shield has a height at least equal to a
height of the passive circuit elements to block cross-talk
between the passive circuit elements.

20 Claims, 5 Drawing Sheets
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1
SEMICONDUCTOR DEVICE WITH
CROSS-TALK ISOLATION USING M-CAP

CLAIM TO DOMESTIC PRIORITY

The present application is a continuation of U.S. patent
application Ser. No. 12/051,253, filed Mar. 19, 2008, now
U.S. Pat. No. 8,269,308,which application is incorporated
herein by reference.

FIELD OF THE INVENTION

The present invention relates in general to semiconductor
devices and, more particularly, to a semiconductor device
having integrated passive devices separated by shielding to
block cross-talk.

BACKGROUND OF THE INVENTION

Semiconductor devices are found in many products in the
fields of entertainment, communications, networks, comput-
ers, and household markets. Semiconductor devices are also
found in military, aviation, automotive, industrial controllers,
and office equipment. The semiconductor devices perform a
variety of electrical functions necessary for each of these
applications.

The manufacture of semiconductor devices involves for-
mation of a wafer having a plurality of die. Each semicon-
ductor die contains hundreds or thousands of transistors and
other active and passive devices performing a variety of elec-
trical functions. For a given wafer, each die from the wafer
typically performs the same electrical function. Front-end
manufacturing generally refers to formation of the semicon-
ductor devices on the wafer. The finished wafer has an active
side containing the transistors and other active and passive
components. Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation.

One goal of semiconductor manufacturing is to produce a
package suitable for faster, reliable, smaller, and higher-den-
sity integrated circuits (IC) at lower cost. In some applica-
tions, flip chip packages or wafer level chip scale packages
(WLCSP) are ideally suited for ICs demanding high speed,
high density, and greater pin count. Flip chip style packaging
involves mounting the active side of the die facedown toward
a chip carrier substrate or printed circuit board (PCB). The
electrical and mechanical interconnect between the active
devices on the die and conduction tracks on the carrier sub-
strate is achieved through a solder bump structure comprising
a large number of conductive solder bumps or balls. The
solder bumps are formed by a reflow process applied to solder
material deposited on contact pads which are disposed on the
semiconductor substrate. The solder bumps are then soldered
to the carrier substrate. The flip chip semiconductor package
provides a short electrical conduction path from the active
devices on the die to the carrier substrate in order to reduce
signal propagation, lower capacitance, and achieve overall
better circuit performance.

In high frequency applications, such as radio frequency
(RF) wireless communications, integrated passive devices
(IPD) are often contained within the semiconductor device.
Examples of IPDs include resistors, capacitors, and induc-
tors. A typical RF system requires multiple IPDs in one or
more semiconductor packages to perform the necessary elec-
trical functions. However, most IPDs generate undesired
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2

capacitive, inductive, or conductive coupling, also known as
cross-talk, which can interfere with the operation of adjacent
circuit elements.

FIG. 1 illustrates a conventional semiconductor device 10
having substrate 12 with adjacent IPDs. Conduction channels
14 and 16 represent a portion of the adjacent IPDs. A signal in
channel 14 can induce cross-talk in channel 16 by conductive
coupling shown by arrow 20, magnetic field coupling shown
by arrows 22, electric field coupling shown by arrows 24, or
capacitive coupling shown by arrows 26. The cross-talk gen-
erated by one IPD can interfere with the operation of adjacent
IPDs.

SUMMARY OF THE INVENTION

A need exists to eliminate cross-talk between adjacent
IPDs. Accordingly, in one embodiment, the present invention
is amethod of making a semiconductor device comprising the
steps of providing a substrate, forming a first passive circuit
element over the substrate, forming a second passive circuit
element over the substrate, and forming a shielding layer over
the substrate between the first passive circuit element and
second passive circuit element. The shielding layer includes a
height smaller than or greater than a height of the first passive
circuit element and second passive circuit element to reduce
interference and thermal emission between the first passive
circuit element and second passive circuit element.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the steps of
providing a substrate, forming a first passive circuit element
over the substrate, forming a second passive circuit element
over the substrate, and forming a shielding layer over the
substrate between the first passive circuit element and second
passive circuit element to reduce interference and thermal
emission between the first passive circuit element and second
passive circuit element.

In another embodiment, the present invention is a method
of making a semiconductor device comprising the step of
providing a substrate, forming an M-cap layer over the sub-
strate, forming a first passive circuit element over the sub-
strate, forming a second passive circuit element over the
M-cap layer, and forming a shielding layer over the M-cap
layer between the first passive circuit element and second
passive circuit element.

In another embodiment, the present invention is a semicon-
ductor device comprising a substrate, first passive circuit
element formed over the substrate, and second passive circuit
element formed over the substrate. A shielding layer is
formed over the substrate between the first passive circuit
element and second passive circuit element to reduce inter-
ference and thermal emission between the first passive circuit
element and second passive circuit element.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conventional semiconductor device with adja-
cent passive circuit elements each generating interfering
cross-talk;

FIG. 2 is a semiconductor device with solder bumps pro-
viding electrical interconnect between an active area of the
die and a chip carrier substrate;

FIGS. 3a-3b illustrate a process of forming a shield
between two passive circuit elements using a grounded
M-cap layer;

FIG. 4 illustrates the shield disposed between two adjacent
passive circuit elements with a conductive via connecting the
conductive layers to ground;
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FIG. 5 illustrates a passive circuit element isolated with a
shield; and
FIG. 6 illustrates a plurality of passive circuit elements
isolated by a plurality of shields.

DETAILED DESCRIPTION OF THE DRAWINGS

The present invention is described in one or more embodi-
ments in the following description with reference to the Fig-
ures, in which like numerals represent the same or similar
elements. While the invention is described in terms of the best
mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as
defined by the appended claims and their equivalents as sup-
ported by the following disclosure and drawings.

The manufacture of semiconductor devices involves for-
mation of a wafer having a plurality of die. Each die contains
hundreds or thousands of transistors and other active and
passive devices performing one or more electrical functions.
For a given wafer, each die from the wafer typically performs
the same electrical function. Front-end manufacturing gener-
ally refers to formation of the semiconductor devices on the
wafer. The finished wafer has an active side containing the
transistors and other active and passive components. Back-
end manufacturing refers to cutting or singulating the finished
wafer into the individual die and then packaging the die for
structural support and/or environmental isolation.

A semiconductor wafer generally includes an active sur-
face having semiconductor devices disposed thereon, and a
backside surface formed with bulk semiconductor material,
e.g., silicon. The active side surface contains a plurality of
semiconductor die. The active surface is formed by a variety
of semiconductor processes, including layering, patterning,
doping, and heat treatment. In the layering process, semicon-
ductor materials are grown or deposited on the substrate by
techniques involving thermal oxidation, nitridation, chemical
vapor deposition, evaporation, and sputtering. Photolithogra-
phy involves the masking of areas of the surface and etching
away undesired material to form specific structures. The dop-
ing process injects concentrations of dopant material by ther-
mal diffusion or ion implantation.

Flip chip semiconductor packages and wafer level pack-
ages (WLP) are commonly used with integrated circuits (ICs)
demanding high speed, high density, and greater pin count.
Semiconductor device 30 involves mounting an active area 32
of die 34 facedown toward a chip carrier substrate or printed
circuit board (PCB) 36, as shown in FIG. 2. Active area 32
contains active and passive devices, conductive layers, and
dielectric layers according to the electrical design of the die.
The electrical and mechanical interconnect is achieved
through a solder bump structure 40 comprising a large num-
ber of individual conductive solder bumps or balls 42. The
solder bumps are formed on bump pads or interconnect sites
44, which are disposed on active area 32. The bump pads 44
connect to the active circuits by conduction tracks in active
area 32. The solder bumps 42 are electrically and mechani-
cally connected to contact pads or interconnect sites 46 on
carrier substrate 36 by a solder reflow process. The semicon-
ductor device provides a short electrical conduction path from
the active devices on die 34 to conduction tracks on carrier
substrate 36 in order to reduce signal propagation, lower
capacitance, and achieve overall better circuit performance.

FIGS. 3a-354 illustrate a process of forming a semiconduc-
tor device having cross-talk isolation using a method capaci-
tor (M-cap) base layer. In FIG. 3a, a substrate 50 is made with
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silicon, gallium arsenide, or other bulk semiconductor mate-
rial for structural support. Substrate 50 has a high resistivity,
on the order of 1 k ohms/cm or greater. The surface of sub-
strate 50 is implanted with oxide to suppress surface conduc-
tion. Substrate 50 also includes solder bumps, wire bonds,
and internal conductive layers for external electrical intercon-
nect. An oxide layer 52 is formed on the surface of substrate
50. Oxide layer 52 can be made with silicon dioxide (Si02),
silicon oxynitride (SiION), tantalum pentoxide (Ta205), zinc
oxide (ZnO), or other material having insulating properties.
Oxide layer 52 is about 0.1 microns in thickness and can be
formed by a physical vapor deposition (PVD), chemical
vapor deposition (CVD), or sputtering process.

An electrically conductive layer 54 is patterned and depos-
ited over oxide layer 52 using a PVD, CVD, evaporation,
sputtering, electrolytic plating, electroless plating, or screen
printing process. Conductive layer 54 is about 1 micron in
thickness and can be made with aluminum (Al), aluminum
alloy, copper (Cu), tin (Sn), nickel (Ni), gold (Au), silver
(Ag), or other electrically conductive material. In one
embodiment, conductive layer 54 is Al. Conductive layer 54
is an M-cap layer having multiple portions 54a, 54b, and 54c¢.
M-cap layer 54 is connected to a low impedance ground point.

InFIG. 34, an intermediate electrically conductive layer 56
is patterned and deposited over oxide layer 52 and M-cap
layer 54 using a PVD, CVD, evaporation, sputtering, electro-
Iytic plating, electroless plating, or screen printing process.
Conductive layer 56 is about 2 microns in thickness and can
be made with Al, Cu, Sn, Ni, Au, Ag, or other electrically
conductive material. Conductive layer 56 is shown with a
plurality of portions or segments which can be electrically
common or electrically isolated depending on the connectiv-
ity of the semiconductor die.

A top electrically conductive layer 58 is patterned and
deposited over intermediate conductive layer 56 using a PVD,
CVD, evaporation, sputtering, electrolytic plating, electro-
less plating, or screen printing process. Conductive layer 58 is
about 8 microns in thickness and can be made with Al, Cu, Sn,
Ni, Au, Ag, or other electrically conductive material. In one
embodiment, conductive layer 56 is Al and conductive layer
58 is Cu.

Conductive layer 58 has individual portions or segments
58a-58i. The individual portions of conductive layers 58a-58i
can be electrically common or electrically isolated depending
on the connectivity of the semiconductor die. The individual
conductive layers 584-58i are part of an interconnect struc-
ture and can form one or more IPDs. For example, conductive
layers 58d and 58¢ form a portion (bottom electrode) of a
metal-insulator-metal (MIM) capacitor, and conductive lay-
ers 58g and 58/ constitute a spiral inductor. The conductive
layers 58¢-58/ are typically coiled or wound in plan-view to
produce or exhibit the desired inductive properties. Conduc-
tive layer 585 is a signal trace in the interconnect structure.
Conductive layers 58a, 58¢, 58/, and 58i are isolation metal
layers connected to grounded M-cap layer 54. The conductive
layers 58a-58i can also form portions of resistors and active
circuits.

The IPDs provide the electrical characteristics needed for
high frequency applications, such as high-pass filters, low-
pass filters, band-pass filters, symmetric Hi-Q resonant trans-
former, and tuning capacitors. The IPDs can be used as front-
end wireless RF components, which can be positioned
between the antenna and transceiver. The inductor 58g and
58/ can be a hi-Q balun, transformer, or coil, operating up to
100 Gigahertz. In some applications, multiple baluns are
formed on a same substrate, allowing multi-band operation.
For example, two or more baluns are used in a quad-band for
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mobile phones or other global system for mobile (GSM)
communications, each balun dedicated for a frequency band
of'operation of the quad-band device. By arranging the baluns
side-by-side on the same substrate, the balun spacing can be
reduced to 100-150 microns or less which provides minimal
impact on phase and amplitude performance over the fre-
quency bands of operation. The minimal spacing also reduces
the size and cost of baluns for multi-band operation.

However, positioning the IPDs in close proximity, e.g.,
100-150 microns spacing or less, often causes interference
between adjacent passive circuit elements. The output signal
in the transmitter section of the radio frequency integrated
circuit (RFIC) may interfere with the local oscillator (LO).
The inductor 58g and 58/ can be used in the tank resonators
of'the LO in the RF transceiver. The LO includes a voltage-
controlled oscillator (VCO) that is synchronized to an exter-
nal crystal reference through a phase-locked loop (PLL). The
VCO can be implemented as a cross-coupled amplifier circuit
with a tuned resonant inductor-capacitor (L.C) load. The
inductor is made with one or two spiral inductor coils on the
RFIC. External signals can couple into the VCO by magnetic
induction directly into the tank resonator. If the external
source is a periodic or quasi-periodic signal, it will introduce
a spurious tone. In subsequent mixing, the RF signal is mul-
tiplied by the LO signal to transpose the band of interest down
to low frequency for further signal processing. The presence
of the spurious tone in the LO often causes out-of-band sig-
nals to be mixed into the base-band frequency range, which
degrades the receiver sensitivity, adding both noise and
crosstalk to the received signal. Therefore, each of these
passive circuit elements has the potential to interfere with
adjacent devices.

As a feature of the present invention, the conductive layer
stack including M-cap layer 54a, conductive layer 56, and
conductive layer 58a is a first grounded shield. The conduc-
tive layer stack including M-cap layer 545, conductive layer
56, and conductive layer 58¢ is a second grounded shield. The
conductive layer stack including M-cap layer 545, conductive
layer 56, and conductive layer 58/7is a third grounded shield.
The conductive layer stack including M-cap layer 54¢, con-
ductive layer 56, and conductive layer 58i is a fourth
grounded shield. The grounded shields isolate each circuit
element from cross-talk generated by the adjacent circuit
element. The cross-talk may be in the form of conductive
coupling, inductive coupling, magnetic field coupling, elec-
tric field coupling, or capacitive coupling depending on the
electrical nature of the adjacent device. For example, the
second shield 545, 56, 58¢ isolates signal trace 585 from
capacitive coupling and electric field coupling from capaci-
tors 584 and 58e. The second shield 545, 56, 58¢ also isolates
capacitors 584 and 58e from conductive coupling from signal
trace 58b. In a similar manner, the third shield 545, 56, 581
isolates capacitors 584 and 58e from inductive coupling and
magnetic field coupling from inductor 58g and 58/. The
second shield 545, 56, 58¢ also isolates inductor 58g and 58/
from capacitive coupling and electric field coupling from
capacitors 584 and 58e.

Each grounded shield is made approximately the same
height as the adjacent circuit element which is generating the
cross-talk to be shielded. Alternatively, the grounded shield
can be made higher than the adjacent circuit element which is
generating the cross-talk to be shielded. Each circuit element
is thus isolated from any cross-talk generated by the adjacent
circuit element with the shield formed by the respective con-
ductive layers 54, 56, and 58. In one embodiment, the
grounded shield can provide less than —-20 dB of isolation,
given IPD spacing of 100-150 microns.
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FIG. 4 shows a 3D view of grounded shield 60 disposed
between circuit patterns 62 and 64. In one example, shield 60
corresponds to conductive layers 545, 56, and 58f. Circuit
pattern 62 corresponds to a MIM capacitor like that formed in
part by conductive layers 545, 56, 584, and 58e. Circuit
pattern 64 corresponds to an inductor like that formed by
conductive layers 58g and 58%. In this case, the metal layers
forming the inductor reside over M-cap layer 54. Circuit
patterns can also be resistors, active devices, and signal
traces. Circuit patterns 62 and 64 each generate or induce
cross-talk in the form of conductive coupling shown by arrow
70, magnetic field coupling shown by arrows 72, electric field
coupling shown by arrows 74, or capacitive coupling shown
by arrows 76. Shield 60 blocks the cross-talk generated by
circuit patterns 62 and 64 and routes the coupling energy to
ground through the conductive layers of shield 60.

In another embodiment, the conductive layers of grounded
shield 60 are electrically isolated, i.e., an insulating layer 80
is disposed between M-cap layer 54 and conductive layer 56,
and an insulating layer 82 is disposed between conductive
layers 56 and 58f. The insulating layers 80 and 82 electrically
isolate M-cap 54 and metal layers 56 and 58. The insulating
layers can be made with SiO2, SiON, Ta205, ZnO, or other
material having electrically insulating properties. A via 86 is
formed through layers 54, 56, and 58/. The via is filled with a
conductive material, e.g., Al, Cu, Sn, Ni, Au, or Ag, to elec-
trically connect conductive layers 56 and 58fto M-cap 54,
which in turn is connected to a low impedance ground point.

FIG. 5 is a top view of an IPD 90 isolated by ground shield
92. IPD 90 includes interconnect terminals 94 and 96 such as
power and ground. Segments 98, 100, 102, and 104 of ground
shield 92 are formed like shield 60 in FIG. 4. Segments 106,
108, 110, and 112 represent M-cap layer 54 which route the
low impedance ground point to segments 98, 100, 102, and
104. Conductive vias 80 electrically connect segments 98,
100, 102, and 104 to the grounded M-cap layer 54.

FIG. 6 is a top view of IPDs 120, 122, and 124 isolated by
ground shields 126, 128, 130, and 132. IPD 120 can be an
inductor, IPD 122 can be a capacitor, and IPD 124 can be a
resistor. IPD 120 includes interconnect terminals 134 and
136; IPD 122 includes interconnect terminals 138 and 140;
IPD 124 includes interconnect terminals 142 and 144. The
ground shield 126, 128, 130, and 132 are formed like shield
60 in FIG. 4. Segments 146, 148, 150, and 152 represent
M-cap layer 54 which route the low impedance ground point
to shields 126, 128, 130, and 132. Conductive vias 80 elec-
trically connect shields 98, 100, 102, and 104 to grounded
M-cap layer 54.

In summary, a semiconductor device includes a plurality of
IPDs positioned in close proximity. Each IPD is isolated by a
shield including a grounded M-cap layer, intermediate con-
ductive layer, and top conductive layer. The grounded shield
is made about the same height as the IPDs and isolates each
IPD from cross-talk generated by the adjacent IPD. The
grounded shield allows the IPDs to be located with minimal
spacing, which saves space and cost.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will appre-
ciate that modifications and adaptations to those embodi-
ments may be made without departing from the scope of the
present invention as set forth in the following claims.

What is claimed:

1. A method of making a semiconductor device, compris-
ing:

providing a substrate;

forming a passive circuit over the substrate; and



US 9,082,638 B2

7

forming a shielding layer over the substrate adjacent to the
passive circuit by,
(a) forming a first conductive layer over the substrate,
and
(b) forming a second conductive layer with a major
surface of the second conductive layer contacting a
major surface of the first conductive layer.

2. The method of claim 1, wherein the shielding layer
includes a height at least a height of the passive circuit.

3. The method of claim 1, wherein forming the passive
circuit includes:

forming a third conductive layer over the substrate; and

forming a fourth conductive layer over the third conductive

layer.

4. The method of claim 1, further including forming a
conductive via through the first conductive layer and second
conductive layer.

5. The method of claim 1, wherein the passive circuit is
selected from the group consisting of a resistor, inductor,
capacitor, and signal trace.

6. A method of making a semiconductor device, compris-
ing:

providing a substrate;

forming an M-cap layer over the substrate;

forming a passive circuit over the substrate; and

forming a shielding layer over the M-cap layer adjacent to

the passive circuit by,

(a) forming a first conductive layer over the M-cap layer,

(b) forming a second conductive layer contacting the
first conductive layer, and

(c) forming a conductive via through the M-cap layer,
first conductive layer, and second conductive layer.

7. The method of claim 6, wherein the shielding layer
includes a height at least a height of the passive circuit.

8. The method of claim 6, wherein forming the passive
circuit includes:

forming a third conductive layer over the substrate; and

forming a fourth conductive layer over the third conductive

layer.

9. The method of claim 6, wherein the passive circuit is
selected from the group consisting of a resistor, inductor,
capacitor, and signal trace.

10. A semiconductor device, comprising:

a substrate;

a passive circuit formed over the substrate; and

a shielding layer formed over the substrate adjacent to the

passive circuit, the shielding layer including,

(a) afirst conductive layer formed over the substrate, and

(b) a second conductive layer with a major surface of the
second conductive layer contacting a major surface of
the first conductive layer.
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11. The semiconductor device of claim 10, wherein the
shielding layer includes a height at least a height of the pas-
sive circuit.

12. The semiconductor device of claim 10, wherein the
passive circuit includes:

a third conductive layer formed over the substrate; and

a fourth conductive layer formed over the third conductive

layer.

13. The semiconductor device of claim 10, further includ-
ing a conductive via formed through the first conductive layer
and second conductive layer.

14. A semiconductor device, comprising:

a substrate;

an M-cap layer formed over the substrate;

a passive circuit formed over the substrate; and

a shielding layer formed over the M-cap layer adjacent to

the passive circuit, the shielding layer including,

(a) a first conductive layer formed over the M-cap layer,

(b) a second conductive layer contacting a surface of the
first conductive layer, and

(c) a conductive via formed through the first conductive
layer and second conductive layer.

15. The semiconductor device of claim 14, wherein the
shielding layer includes a height at least a height of the pas-
sive circuit.

16. The semiconductor device of claim 14, wherein the
passive circuit includes:

a third conductive layer formed over the substrate; and

a fourth conductive layer formed over the third conductive

layer.

17. A semiconductor device, comprising:

a substrate;

a passive circuit formed over the substrate; and

a shielding layer formed over the substrate adjacent to the

passive circuit, the shielding layer including,

(a) a first conductive layer formed over the substrate,

(b) a second conductive layer formed over the first con-
ductive layer, and

(c) a conductive via formed through the first conductive
layer and second conductive layer.

18. The semiconductor device of claim 17, wherein the
passive circuit includes:

a third conductive layer formed over the substrate; and

a fourth conductive layer formed over the third conductive

layer.

19. The semiconductor device of claim 17, further includ-
ing an insulating layer formed between the first conductive
layer and second conductive layer.

20. The semiconductor device of claim 17, wherein the
passive circuit is selected from the group consisting of a
resistor, inductor, capacitor, and signal trace.
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